Objectives: To demonstrate the usefulness of intraoral ultrasonography (IOUS) for tongue mass lesions, we analyzed surgery cases excluding squamous-cell carcinoma and leukoplakia and compared IOUS and pathological findings. Methods: We used the hospital information system and Radiology Information System to evaluate the IOUS and pathological findings of patients who underwent surgeries for tongue masses in the past 11 years. Results: Surgeries for the tongues were performed in 268 cases. Imaging examinations were carried out in 52 (19.4%) cases including 42 (15.7%) cases by IOUS. The pathological results of the surgeries were as follows: 36 cases were inflammatory lesions, 74 cases were tumours, 131 cases were hyperplasia, 8 cases were cystic lesions and 19 cases were other miscellaneous lesions. On the other hand, the number of patients who received IOUS in the same period was 87, and 42 of them had surgeries. In 32 out of the 42 (76.2%) cases, pre-operative IOUS features matched with pathological results. Most of the haemangiomas and lipomas could be diagnosed by IOUS alone. Conclusions: IOUS of the tongue revealed the nature of the lesions including the border, size, location, depth, the presence or absence of a capsule and the internal structure including vascularity of the mass. The ultrasonographic findings well reflected the histological findings. IOUS is a simple and useful technique that provides additional information beyond inspection, clarifying the internal structure, blood flow and relationships with the adjacent tissues. In this article, we indicated 11 representative cases (fibrous polyp, haemangioma, pyogenic granuloma, lipoma, liposarcoma, chondroma, lymphangioma, schwannoma, neurofibroma, pleomorphic adenoma and amyloidosis) to show the usefulness of IOUS.
Introduction
Tongue mass lesions are usually removed based on inspection and palpation by oral surgeons. CT and MRI are useful for obtaining accurate diagnoses; however, they are subject to interference by the metal artefacts from dental fillings. As a result, surgery is performed on the basis of only physical signs without imaging inspections. But, in some cases, to diagnose from only clinical signs is not easy. Clinicians may need to know the conditions of the internal tissues and vascular distribution as well as the relationships with the adjacent tissues. Compared with cross-sectional imaging modalities such as CT and MRI, ultrasonography is suitable for imaging tongue lesions without interference from dental alloys. Because of its high-frequency probe and useful imaging modes, such as tissue harmonic imaging and multifocus, the spatial resolution of ultrasonography is superior to that of other cross-sectional imaging modalities. 1 The extraoral approach in ultrasonography does not provide adequate images of the tongue and palate because the air spaces within the oral cavity attenuate acoustic waves, and ultrasound does not penetrate the bone well. 2 On the other hand, in case of intraoral ultrasonography (IOUS), we can place a probe above the lesion with confirmation of its position and can observe its sonographic characteristics at the same time. In the article of Natori et al, 3 which evaluated the detection of tongue carcinoma, all lesions over 1 mm in tumour thickness on histological section were detectable on IOUS images using a 7.5-MHz linear probe.
However, there have been few reports of IOUS as a diagnostic tool for tongue lesions. The purpose of this study was to show the efficacy of IOUS for the preoperative diagnosis of tongue mass lesions by comparing it with the pathological diagnosis.
Methods and materials
We used the hospital information system and radiology information system to evaluate IOUS and the pathological findings of patients who underwent surgeries for tongue masses in the past 11 years.
Using surgery case reports from 1999 to 2010, we identified the patients who underwent surgery for a tongue mass. We targeted mass lesions so that squamous-cell carcinoma and leukoplakia were excluded when oral surgeons were able to diagnose those lesions on inspection. We then investigated whether imaging examinations had been conducted before surgery. Conversely, patients who underwent IOUS during the same period were identified using the radiology information system. We followed all of the cases using the hospital information system.
All procedures followed were in accordance with the ethical standards of the Ethical Commitee of the Tokushima University and with the Helsinki Declaration of 1975, as revised in 2008 (5) . Informed consent was obtained from all patients for being included in the study.
Additional informed consent was obtained from all patients whose identified information is included in this article.
Ultrasonography scanning A SONOLINE
® Elegla (Siemence Medical, Germany) ultrasound unit with a 12.5-MHz linear probe or a 6.5-MHz convex-type probe and a XarioÔ SSA-660A (Toshiba Medical Systems, Japan) with a 7.5-MHz linear probe were used. These probes were thinly coated with sterile gel, covered with a rubber sheath and placed directly on the surface of the tongue. The sonographic examinations were performed using both the B-mode and Doppler mode in two perpendicular directions if possible. The setup conditions of both the B-mode and power Doppler mode were adequately adjusted for each patient and lesion. All data were recorded on the imaging server. 1999 15  0  0  0  0  1  1 (autopsy case)  2000 31  4  1  0  5  7  2  2001 26  9  1  0  9  10  9  2002 16  3  0  0  3  9  3  2003 18  2  0  0  2  7  2  2004 26  6  1  1  6  6  5  2005 34  3  1  3  6  7  3  2006 22  2  1  1  2  7  3  2007 23  6  2  0  7  12  7  2008 11  3  1  3  4  12  3  2009 23  1  0  1  2  4  1  2010 23  3  3  4  6  5  4  Total 268  42  11 13  52  87  42 IOUS, intraoral ultrasonography. The remaining cases were followed up. Table 2 lists the pathological diagnoses of the 268 surgery cases. Inflammatory lesion was in 36 (13.4%) cases, tumour was in 74 (27.6%) cases, hyperplasia was in 131 (48.9 %) cases, cyst was in 8 (3.0 %) cases and other miscellaneous lesions was in 19 (7.1%) cases. Table 3 shows the pathological diagnosis of the lesions examined by IOUS before surgery. Of the 87 cases that underwent IOUS, 44 cases had a pathological diagnosis. Two of them had pathological diagnosis before IOUS because they had received biopsy before examination. Lipomas and haemangiomas could be diagnosed by IOUS. 19 cases were haemangiomas and accorded with preoperative IOUS diagnosis almost all except 1 case, which was too small to judge in ultrasonography. Six cases were lipomas and five cases of them were diagnosed as lipomas on IOUS. Among the four cases of pyogenic tumours in pathological findings, one case was diagnosed as granuloma and three cases were diagnosed as haemangiomas, (Table 4) . Excision was performed under general anaesthesia. The appearance of the lesion included proliferation of the expanded blood vessel with a spongy structure and coated with partially keratinized mucosa. Thrombus was observed in the blood vessel and calcification was seen in several places. The pathological diagnosis was cavernous haemangioma with thrombus ( Figure 2b ).
Case 3 pyogenic granuloma:
A 61-year-old female presented with a mass accompanied by an irritating feeling on the mid-dorsum of the tongue for 4 months. Ointment was applied but was ineffective. On inspection, it revealed a well-demarcated red lesion Intraoral ultrasonography of tongue mass lesions Sugawara et al
The lesion was removed under local anaesthesia. No invasion to the muscle layer was seen, and there was no capsular structure. The pathology report described the lesion as soft tissue consisting of capillary hyperplasia (Figure 3d) . From these findings, we diagnosed it as a lipoma. On histological examination, proliferation of mature adipose cells was found between the epithelial layer and muscle layer. The area around the tumour was surrounded by fibrous connective tissues (Figure 4b ).
Case 5 liposarcoma:
A 63-year-old male presented with two tongue masses on the right lateral and median dorsal part of the tongue. He noticed the dorsal lesion 5 years before and the lateral lesion 1 year before presentation. The right lateral lesion was accompanied by spontaneous pain. Clinical examination revealed ulceration on the surface of the tongue lesions (Figure 5a ). The size of the mass in the middle of the lesion was 10 3 15 mm, while the lateral lesion was 30 3 25 mm. Both of the masses were elastic and hard. The patient's medical history was unremarkable. The lesions were suspected to be mal ignant; so, a biopsy was performed. The lesions were proven to be liposarcoma (low-grade malignancy).
IOUS was performed using a convex-type transducer after the pathological result was obtained. The tumours were hypoechoic masses with obscure and irregular borders (Figure 5d ). Power Doppler examination showed pulsatile blood flow in the centre of the mass (Figure 5e ). There were no metastatic findings in the neck lymph nodes. Both T 1 weighted (Figure 5f ) and T 2 weighted MRI images (Figure 5g ) revealed high signal intensity on the lesions.
Finally, the lesions were resected en bloc with 10-mm free margins. Histopathologically, two tumour masses were separately observed in the muscular layer. The tumour tissue showed an irregular lobulated pattern and mixed area showing high and low cellularity. Anaplasia of the tumour cells was markedly observed. In addition, basophilic mucoid substance and hyperplasia of the tumour vessel were observed in the tumour stroma (Figure 5b,c) . By immunohistochemical staining, the tumour cells were diffusely positive for vimentin and S-100 (Figure 5b ,c) and were negative for alpha-smooth muscle actin (a-SMA), glial fibrillary acidic protein (GFAP), cytokeratin (AE1/3), desmin, neuronspecific enorase (NSE) and factor VIII. Pathological diagnosis was liposarcoma.
Case 6 chondroma:
A 64-year-old female presented with a painless mass (9 3 9 mm) on the left lateral part of the tongue. She noticed the lesion a few years previously. Intraoral ultrasonography of tongue mass lesions Sugawara et al
The coated mucosa was smooth and yellowish-white (Figure 6a,b) . It was comparatively hard on palpation. IOUS showed the tumour as a hypoechoic mass with a hyperechoic zone on B-mode; posterior echo enhancement was not observed (Figure 6e ). Power Doppler examination did not show any blood supply in the lesion (Figure 6f ). We diagnosed it as a benign tumour with a thick fibrous capsule. The lesion was removed under local anaesthesia. The cartilaginous tissue was surrounded by a connective tissue and adipose tissue capsule (Figure 6c,d ). This lesion is called an enchondroma, which grows outward from the bone.
Case 7 lymphangioma:
A 42-year-old male presented with tongue enlargement. He had noticed it 10 years previously. On inspection, the left lateral part of the tongue had a hard elastic swelling and the coated mucosa was normal (Figure 7a) . The patient had no symptoms of pain or respiratory or swallowing difficulty.
IOUS revealed a circumscribed lesion with thickening of the capsule (32 3 27 mm). Internal echo showed a heterogeneous tissue with an anechoic area observed inside the lesion (Figure 6c ). Flow findings were observed in the anechoic area. On power Doppler mode, blood supply inside and at the periphery of the lesion was not observed (Figure 7d) . We diagnosed the lesion as a dermoid cyst.
MRI showed a well-demarcated mass at the base of the tongue on T 2 weighted imaging (Figure 7e,f) . The border of the lesion showed lobulated contours. The lesion was covered with a thick capsule that pushed the septum of the tongue towards the right side. The signal intensity inside the lesion was low on T 1 weighted images and low to high on T 2 weighted images.
Excision was performed under general anaesthesia and easily removed en bloc. The pathology report stated that the proliferation of remarkably enlarged lymphatic vessels was observed and haematoma was observed inside the vessel. The tumour had a fibrous capsule with infiltration of lymphocytes. It was diagnosed as a lymphangioma (Figure 7b ).
Case 8 schwannoma:
A 16-year-old male presented with a painless submucosal mass on the right dorsum of his tongue. He noticed the nodule 1 month earlier. Intraoral examination revealed a well-demarcated mass with normal mucosa 15 3 15 mm in diameter and elastic on palpation (Figure 8a ). IOUS showed that the lesion had a well-defined border and presented a comparatively homogeneous echo texture with posterior echo enhancement ( Figure 8e ). On Doppler mode, the vascular condition could not be evaluated because the lesion was situated at the base of the tongue and the probe was not attached adequately ( Figure 8f) .
MRI of the oral cavity was performed and revealed a submucosal tumour in the right dorsal part of the tongue, which showed high signal intensity on T 2 weighted images (Figure 8g,h) . Excision biopsy was performed under general anaesthesia. The cut surface of the specimen was a smooth tan grey.
Pathological findings revealed a dense bundle formation of tumour cells covered with a fibrous capsule. Case 9 solitary neurofibroma: A 10-year-old female presented with a painless mass on the left lateral border of the tongue. She noticed it a few years previously and had no symptoms, but the lesion was increasing in size. Intraoral examination revealed a well-demarcated submucosal mass (12 3 8 mm) that was elastic and hard on palpation (Figure 9a ). The patient's medical history and family history were unremarkable. IOUS revealed that the lesion extended 1 mm beneath the tongue mucosa and was 10 3 5 3 10 mm. The border of the lesion was clear, while the internal echo of the lesion was hypoechoic and relatively homogeneous. The posterior echo was enhanced (Figure 9c ). On Doppler mode, blood flow was observed slightly surrounding the lesion, but not inside the lesion (Figure 9d) .
The lesion was removed with a safety margin of 3 mm. The lesion was easily removed from the surrounding tissue. The half-split surface was transparent and ash coloured. The specimen featured the arrangement of spindleshaped tumour cells surrounding a fibrous capsule. By immunochemical staining, the tumour cells were positive for S-100, vimentin and NSE and were negative for desmin and a-SMA. Histopathology identified the mass as a neurofibroma (Figure 9b ).
Case 10 pleomorphic adenoma:
A 59-year-old female presented with an asymptomatic mass at the inferior surface of her tongue. She noticed it 3 months previously. She had used a medication given by an otorhinolaryngologist, but the lesion did not change. The lesion revealed a circumscribed elastic swelling with normal mucosa (16 3 12 3 13 mm) (Figure 10a ). On IOUS, it had well-defined borders accompanied by posterior enhancement and lateral shadow. The lesion was heterogeneous with a few anechoic areas inside the lesion (Figure 10c ). It did not show alteration of shape due to compression. On Doppler examination, blood flow was observed around the mass but a little inside (Figure 10d ). Ultrasonographic diagnosis was a benign salivary tumour. On MRI, the tumour showed low signal intensity on T 1 weighted images and high intensity on T 2 weighted images. With contrast MRI, the lesion showed higher intensity; cystic degenerative change was suspected inside the lesion.
Under intravenous sedation and local anaesthesia, the lesion was removed. The tumour was diagnosed as a pleomorphic adenoma. The tumour consisted of epithelial elements, myoepithelial cells and mesenchymal elements (Figure 10b ). 
Case 11 amyloidosis:
An 82-year-old female was seen at our hospital for a complaint of rapid enlargement of her tongue. Her tongue continued to grow for a half year, and she could not eat a meal by the time of consultation. At first, she noticed the tongue enlargement when she found it difficult to put her dentures in her mouth. The patient was a non-smoker, non-drinker and had no significant family history. Her past medical history was notable for hypertension, diabetes and hyperlipidemia. When she visited our hospital, she could not close her mouth owing to her gigantic tongue, which projected out (Figure 11a ). The tongue was elastic and hard, with atrophy of the tongue papilla. The motion of the tongue was poor.
CT, MRI and IOUS were performed. Findings of tumour formation could not be detected because the whole tongue had swollen homogenously. Therefore, we suspected the state was metabolic change. On IOUS, no structural abnormality was seen in her tongue, but an anechoic area between the muscular layers was noticeable (Figure 11e,f) . Bence Jones protein was detected in her blood and urine, and myeloma was diagnosed. She was hospitalized to undergo a biopsy, but died suddenly owing to heart failure.
After her death, autopsy was performed. Her tongue had enlarged approximately four times the normal size (Figure 11b ). Amyloid deposits were observed in various organs including the tongue, heart, oesophagus, stomach, small intestine, large intestine, kidney and thyroid gland. The amyloid deposits in her tongue were confirmed by Congo red stain (Figure 11d ).
Discussion
The purpose of this study was to demonstrate the efficacy of IOUS for the pre-operative diagnosis of tongue mass lesions compared with the pathological diagnosis. We made clear the ultrasonographic characteristics of the lesions in cases including fibrous polyp, haemangioma, pyogenic granuloma, lipoma, liposarcoma, chondroma, lymphangioma, schwannoma, solitary neurofibroma, pleomorphic adenoma and amyloidosis, some of which were not described before.
The tongue includes various tissues, such as muscles, nerves and vessels, minor salivary glands and fatty tissues. To diagnose tongue mass lesions, we need to determine the origin of the tissue. In addition, it is necessary to evaluate whether the lesion represents inflammation, tumour, cyst, hyperplasia or other types. When we consider these points, IOUS is very adequate for pre-operative imaging of tongue mass lesions because IOUS can show the internal structure and vascularity of the lesion.
In this study, 32 (76.2%) of 42 cases who received IOUS before surgeries matched with pathological results. Most haemangiomas and lipomas could be diagnosed by IOUS alone. The IOUS findings nearly corresponded to the histopathological findings; therefore, it was thought to be useful for pre-operative diagnosis.
Tongue mass lesions are often removed surgically based on inspection and palpation without imaging examinations. Physical examination of the tongue is considered easy because it is easily accessible by palpation. 4 In our study, only 52 (19.4%) cases among 268 cases received imaging examination before surgeries. CT and MRI are sometimes restricted owing to the metal artefacts from dental alloys. Furthermore, CT and MRI are too weak to inspect superficial lesions, and the volume occupied by the lesion of the tongue is often too small to get clear images with these modalities. In contrast, ultrasonography is not affected by dental alloys, and using a high-frequency probe, it provides clear and useful images for superficial and thin lesions even as small as 5 mm.
1 Common ultrasonography has the advantages of being non-invasive, rapid and easily reproducible. In addition, ultrasonography can provide vascular information on Doppler mode without the use of an intravenous contrast medium. But, in case of an extraoral approach, it does not provide adequate images especially in the tongue, oral floor and palate region, because air spaces within the oral cavity attenuate acoustic waves, and ultrasound does not penetrate the bone well.
2 Furthermore, the acoustic attenuation caused by the distance from the skin to the lesion is a serious problem. In this way, IOUS seems to be more useful and beneficial compared with extraoral ultrasonography to diagnose tongue mass lesions.
The high-resolution probe provides beneficial information of the tongue lesion, such as the size, contour, border, thickness, capsule of the lesion, vascular distribution, internal echo, posterior echo and other factors. Characteristics of the internal structures of the masses are most important to diagnose the lesion, including cystic changes, calcification and tissue formation and patterns. In this way, IOUS can provide more useful information on the nature of the mass than inspection and palpation or other imaging tools (CT, MRI and extraoral sonography). Even with follow-up cases, IOUS is useful to evaluate the change of the size and internal structure.
To judge whether a lesion is neoplastic or cystic, we routinely observe the echogenicity inside the lesion on B-mode and the vascularity inside and at the periphery of the lesion on Doppler mode. In the case of a cyst, colour signal is not observed inside the lesion. And the fluid-filled area will be observed as an anechoic and/or hypoechoic area where we can sometimes observe fluidity, a convection phenomenon caused by acoustic pressure. In the case of a tumour, there is internal echogenicity, and blood flow is observed inside and at the periphery of the lesion depending on the characteristics of the tumour. Haemangioma, pleomorphic adenoma and mucous cysts sometimes have calcified bodies inside them. The calcified bodies are observed as hyperechoic bodies with a posterior acoustic shadow. A benign tumour may have a fibrous capsule around it, and capsular structure is observed as a hyperechoic zone surrounding the lesion. The condition of the posterior echo of the lesion is dependent on the internal characteristics of it. For example, cysts, lipomas and haemangiomas which include sparse components have posterior echo enhancement, while chondromas, which have comparatively high-density contents, have isoechoic surrounding tissues. Benign tumours mostly have a capsule; so, the border will be clear. But, malignant tumours hardly have it; therefore, malignant tumours show invasive growth, and the border of the lesions will not be clear. Compressibility is an important finding to evaluate the elasticity of the lesion. Recently, the elastography mode was developed, and it enables objectively evaluating the hardness of the lesion.
5 Table 5 shows these ultrasonographic findings and the characteristics of the tissue. Tables 6 and 7 shows a summary of the ultrasonographic imaging features of the tongue lesions in this study.
Recently, IOUS has become an important diagnostic tool in oral and maxillofacial surgery, especially in tongue carcinomas, to inspect the thickness and invasion of lesions. 3, [6] [7] [8] [9] [10] This methodology has also been useful for inspecting inflammation and tumours around the tonsils. 11 Kutluhan et al 12 reported that the pre-operative measurement of lesions for tonsillectomy by IOUS was reliable. However, the major focus of these studies was only to determine pre-operative orientation, such as measuring the tumour thickness to determine the accurate safety margin of the carcinoma and examining the There is a report of IOUS being applied to palatal tumours. 13 Similar to our reports, the article reported the efficacy of IOUS as a pre-operative evaluation tool and compared ultrasonography and histological evaluation.
There are, however, some limitations to performing IOUS. It is difficult to attach the large probe to the lesion on the tongue and to obtain a clear image of it. This technique is difficult for an operator and is unpleasant for a patient. Patient cooperation is indispensable to this procedure. We cannot eliminate these limitations even if we use a probe which is suitable for intraoral approach with small size. For these reasons, compared with extraoral sonography, the reproducibility of IOUS is poor, and the area that we can attach the probe to the patient's tongue is limited. Only anterior part of the movable tongue would be able to perform by IOUS.
Even in consideration of these disadvantages, IOUS is a great useful imaging tool, because it can observe the internal structure and vascularization of small lesions without contrast media. If possible, we should perform the diagnostic test statistically among IOUS, CT and MRI to indicate the usefulness of IOUS. However, the comparison of the diagnostic accuracy is impossible because it is rare that these examinations are conducted for a tongue mass lesion for the reason mentioned above.
Conclusions
Intraoral ultrasonography of the tongue revealed the nature of the lesions including the border, size, location, depth, the presence or absence of a capsule and the internal structure including vascularity of the mass. The ultrasonographic findings well reflected the histological findings.
